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ABSTRACT : PURPOSE: To cool a heating member by efficiently transmitting the heat, which is 

generated by the heating member, to a radiating member installed in an arbitrary place 
independently of the arrangement state of members even in a device where the heating 
member is mounted in a narrow space together with other members. 

CONSTITUTION: Semiconductor elements 1 mounted on printed boards 2 are provided 
with headers 5. Headers 5 are connected to a header 6, which is attached to a radiation 
fin 7 provided in the end part of the enclosure, by flexible tubes 9. Heat generated by 
respective semiconductor elements 1 is collectively radiated out of the enclosure from the 
part of the radiation fin 7 by transporting liquid between tubes. Though many 
semiconductor elements are arranged in a narrow space, semiconductor elements 
generating the heat much and the radiation fin are easily thermally connected 
independently of the mounted state of the device because flat headers and flexible tubes 
are used. 
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(54) Heat sink and information processor using it 

(57) The heat sink is in the form of a box ( 1 0) having 
a bottom surface coming into contact with a heating ele- 
ment (12), that is, an element to be cooled such as an 
MPU. The box further comprises one or more side walls 
on which a plurality of ventilation holes (13) are formed; 
and an upper surface into which a cooling fan (1 1) com- 
posed of blades (11b) and a motor (1 1a) is embedded 
and fixed. Heat generated from the heating element is 



conducted from the bottom of the box to the side walls, 
and drawn away by air flowing through the ventilation 
holes (1 3) which is sucked in by the cooling fan (1 1). By 
arranging the motor away from the heating element, the 
bearing of the motor is not exposed to high tempera- 
tures, avoiding deterioration of a lubricant on the bear- 
ing. 
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Description 

The present invention relates to a heat sink. More 
particularly, the present invention relates to a heat sink 
used for cooling an integrated circuit package, which 5 
generates heat, such as a microprocessor unit (MPU) 
incorporated into electronic equipment. 

Recently, concerning the integrated circuits used 
for a personal computer, especially concerning the 
MPU, the degree of integration is enhanced so as to 10 
enhance the function of the integrated circuit and 
increase the processing speed. Therefore, the quantity 
of heat generated in the integrated circuit has been 
increased. Accordingly, the inside of the casing of a per- 
sonal computer is forcibly cooled by a cooling fan, and 75 
the MPU is located at a position where the cool air of the 
cooling fan flows, and a heat sink provided with a large 
number of fins is fixed to the MPU so that the MPU can 
be forcibly air-cooled. However, an MPU of a higher per- 
formance is now required for a personal computer. An 20 
MPU of a higher performance generates a quantity of 
heat larger than that generated by other electronic 
parts. For this reason, there is used a heat sink into 
which a cooling fan is incorporated so that an MPU, 
which generates a large quantity of heat, can be locally 25 
cooled by means of forcible air cooling. Such a heat sink 
into which a cooling fan is incorporated as a local cool- 
ing means is used to replace a conventional heat sink 
into which a cooling fan is not incorporated. Accordingly, 
there is proposed a heat sink of small size in which the 30 
cooling fan or a portion of the cooling fan is incorporated 
inside the cooling fins. 

Figs. 15A - C are views showing a heat sink 
described in Japanese Unexamined Patent Publication 
No. 62-49700 which is used as a local cooling means. 35 
Fig. 15A is a plan view which is taken from the upper 
surface side, Fig. 15B is a cross-sectional view taken at 
the one-dotted chain line ABCD shown in Fig. 15A, and 
Fig. 15C is a plan view taken in the direction of arrow Z 
in Fig. 15B. As shown in Figs. ISA and 15B, this heat 40 
sink is composed in such a manner that a motor 2a, 
which is a drive section for blades 2b, is attached to the 
main body 1 of the heat sink, and fins 1a are perpendic- 
ularly arranged so that they surround the blades 2b. As 
shown in Figs. 15B and 15C, the main body 1 of the 45 
heat sink is fixed to a heating element 3 such as a power 
transistor. Heat generated in the heating element is con- 
ducted to a bottom portion of the main body of the heat 
sink and further conducted to the fins 1a. When the 
motor 2a is driven, the blades 2b are rotated, so that so 
cooling air is sucked from an upper portion of the cool- 
ing fan 2. The cooling air to which a centrifugal force is 
given by the rotation of the blades 2b cools the upper 
portions of the fins 1a, and the cooling air blown out 
downward by the blades 2b cools lower portions of the ss 
fins 1a. In this way, the cooling air which has been 
sucked from the upper portion passes through the fins 
1a is discharged into the periphery of the heat sink. 



Therefore, the main body 1 of the heat sink can be 
cooled and further the heating element 3 can be cooled. 

Fig. 16 is a view showing the heat sink described in 
Japanese Unexamined Patent Publication (PCT route) 
No. 8-502804. In the overall periphery of the main body 
1 of the heat sink, there are provided a plurality of per- 
pendicular fins 1 a, and the cooling fan 2 is supported by 
the main body 1 of the heat sink. When the motor is 
arranged inside the blades 2b, the height of the cooling 
fan 2 in the axial direction is reduced, and when a por- 
tion of the cooling fan 2 intrudes into the main body of 
the heat sink, the thickness of the fan body 5 is reduced. 
When the cooling fan 2 is driven, the blades 2b are 
rotated, so that a cooling air can be sucked from the 
upper portion. The thus sucked cooling air cools the bot- 
tom portion of the main body 1 of the heat sink and 
passes through among the fins 1 a. Therefore, the cool- 
ing air absorbs the heat which has been conducted from 
the main body 1 of the heat sink to the fins 1a, and the 
absorbed heat is dissipated to the periphery of the heat 
sink. When this heat sink is fixed to a heating element 
such as an MPU, the heating element can be locally 
cooled. 

Fig. 17A and 17B are views showing the heat sink 
described in Japanese Unexamined Patent Publication 
No. 6-268125. Fig. 17A is a plan view which is taken 
from the upper surface. Fig. 17B is a cross-sectional 
view taken on line B - B in Fig. 1 7A. The motor 2a of the 
cooling fan 2 is fixed to the bottom portion of the main 
body 1 of the heat sink, and cooling fins 1 a are perpen- 
dicularly arranged in such a manner that they surround 
the cooling fan 2. The bottom portion of the main body 1 
of the thus composed heat sink is fixed to a heating ele- 
ment 3 such as an MPU. When the motor 2a is driven, 
the blades 2b are rotated, so that a cooling air can be 
sucked from the upper portion. The sucked cooling air 
passes through among the fins 1a and discharges into 
the periphery of the heat sink. When the fins 1a are 
cooled, the heating element 3 can be cooled via the 
main body 1 of the heat sink. 

In the heat sinks shown in Figs. 15A ~ C and 17A 
and 1 7B, the motor 2a which drives the cooling fan 2 is 
directly fixed to the bottom portion of the main body 1 of 
the heat sink. In the driving section of the cooling fan 2. 
ball bearings or sleeve bearings are used, and lubricant 
such as grease or oil is charged in the bearing. Due to 
the above structure, heat is directly transmitted to the 
bearing from the bottom portion of the main body 1 of 
the heat sink located close to the heating element 3. 
Accordingly, the temperature of the bearing is raised. 
When the temperature of the bearing is raised, the dete- 
rioration of the grease or oil is facilitated, and the life of 
the motor 2a is shortened. 

In the heat sink shown in Fig. 16, the cooling fan 2 
is mounted on the upper portion. Accordingly, areas of 
the fins 1a arranged on the side are small. Therefore, in 
order to realize a sufficiently high cooling performance, 
it is necessary to provide small fins with very small inter- 
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vals between the fins. In order to realize the small fins 
1a. the manufacturing cost is increased in the cutting 
process. Further, since the intervals between the fins 1a 
are very small, blocking tends to occur when dust gath- 
ers between the fins 1a. Accordingly, a quantity of cool- 5 
ing air is lowered, and the cooling performance is 
deteriorated. 

In the structure of the heat sinks shown in Figs. 1 5A 
~ C and 17A and 17B in which the fins 1a are perpen- 
dicularly arranged on the overall bottom surface of the 10 
main body 1 of the heat sink, analysis of the flow of the 
cooling air becomes complicated and also analysis of 
the noise becomes complicated. Therefore, it is difficult 
to design the heat sink. Accordingly, it is impossible to 
optimize the cooling performance and reduce the noise. 75 

It is therefore desirable to provide a heat sink of low 
manufacturing cost and long life, the cooling perform- 
ance of which is sufficiently high and in which the 
designing of the heat sink can be easily performed. 

A first aspect of the invention provides a heat sink 20 
comprising a box composed of a bottom surface coming 
into contact with a heating element (e.g.,MPU), a side 
on which ventilation holes are formed and an upper sur- 
face on which a cooling fan having at least blades and a 
motor is embedded and fixed. Due to the above struc- 25 
ture. when the design of the hole is changed, the per- 
formance can be easily optimized, and when the upper 
surface is provided on the box and the cooling fan is 
fixed onto the upper surface, the area of the side of the 
box can be sufficiently ensured, and further the deterio- 30 
ration of lubricant in the motor bearing can be pre- 
vented. 

An embodiment of the first aspect provides a heat 
sink in which the bottom surface is larger than a heat 
transmitting section coming into contact with the heating 35 
element, and ventilation holes are formed at positions 
on the bottom surface different from the position of the 
heat transmitting section. Due to the above structure, a 
change in the design of the hole can be performed in a 
wide range. Therefore, it becomes easy to optimize the 40 
performance. Further, the cooling performance can be 
enhanced and the noise generated by the cooling fan 
can be decreased. 

A further embodiment of the first aspect provides a 
heat sink in which the ventilation holes formed on the as 
bottom surface are open under the condition that the 
heat transmitting section comes into contact with the 
heating element. Due to the above structure, the quan- 
tity of cooling air passing through in the holes formed on 
the bottom surface of the box is increased, so that the so 
performance of cooling the bottom surface of the box 
can be enhanced. Compared with a case in which holes 
are formed only on the side, the cooling air can fbw 
smoothly. Therefore, the occurrence of noise can be 
decreased. 55 

A second aspect of the invention provides a heat 
sink comprising: a box composed of a bottom surface 
coming into contact with a heating element, a side on 



which ventilation holes are formed and an upper sur- 
face, the bottom surface having a heat transmitting sec- 
tion coming into contact with the heating element and 
also having ventilation holes; and a cooling fan com- 
posed of blades and a motor, wherein the cooling fan is 
embedded in the upper surface. When the upper sur- 
face is provided as described above, it is possible to 
ensure a sufficiently large area of the side which con- 
nects with the upper surface. Accordingly, the cooling 
performance can be enhanced. Further, it is possible to 
introduce a cooling air into the holes formed on the side 
and the bottom surface of the box. Therefore, the occur- 
rence of noise can be decreased and the cooling per- 
formance can be enhanced. 

An embodiment of the second aspect provides a 
heat sink in which a radiating member is arranged 
between the cooling fan and the bottom surface of the 
box, and a portion of the radiating member is fixed onto 
the bottom surface. Due to the above structure, surface 
areas of the radiating fins are added to the surface area 
of the box. Therefore, the cooling performance can be 
enhanced. 

A further embodiment of the second aspect pro- 
vides a heat sink in which the dimensions of the box are 
larger than those of the heating element and are made 
to coincide with the outside dimensions of a socket 
holding the heating element, and the center of the cool- 
ing fan is located eccentric with respect to the center of 
the heating element. Due to the above structure, it is 
possible to fix the box to the socket. Even if the rota- 
tional center of the cooling fan is different from the heat- 
ing center of the heating element, it is unnecessary to 
change the design of the holes on the side and also it is 
unnecessary to correct the design. Since the center of 
each component is different, it is possible to cool a por- 
tion of high temperature at the heating center by the 
strongest air flow sent out from the blades of the cooling 
fan. Accordingly, the cooling performance can be 
enhanced. 

A third aspect of the invention provides a heat sink 
comprising: a heat sink component having a bottom sur- 
face coming into contact with a heating element; a cool- 
ing fan having at least blades and a motor and a cover 
for fixing the fan to the heat sink component, wherein 
the cover is used for setting a distance so that a dis- 
tance from the bottom surface of the cover at the end of 
the heat sink component to the upper surface of the 
heat sink component can be smaller than a distance 
from the bottom surface of the cover immediately below 
the fan to the upper surface of the heat sink component. 
Due to the above structure, it is possible to minimize the 
deterioration of the cooling performance without 
increasing the intensity of noise. 

A fourth aspect of the invention provides a heat sink 
comprising: a heat sink component having a bottom sur- 
face coming into contact with a heating element; a cool- 
ing fan having at least blades and a motor; and a cover 
for fixing the fan to the heat sink component, wherein 
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the cover can be opened and closed round a hinge 
arranged at one end of the cover and locked at the other 
end. Due to the above structure, it is possible to conduct 
working on the heating element without removing the 
cover and the fan. That is, when the heat sink compo- 5 
nent to which the fan is attached is fixed to the heating 
element, it is possible to expose a hole for fixing the 
heat sink component by disengaging the lock of the 
cover and opening and closing it. Accordingly, it can be 
screwed and fixed there. 10 

A fifth aspect of the invention provides a heat sink 
comprising: a rectangular heat sink component having a 
bottom surface coming into contact with a heating ele- 
ment; a cooling fan having at least blades and a motor 
and a cover for fixing the fan to the heat sink compo- 75 
nent, wherein a heat conveyance member for diffusing 
heat is attached to the base of the heat sink component. 
Due to the above structure, the temperature at the end 
portion is not lowered, that is, the temperature of the 
overall heat sink can be made uniform. Accordingly, the 20 
cooling performance can be enhanced. The reason why 
the temperature of the overall heat sink can be made 
uniform is described as follows. In the case of a heat 
sink, the shape of which is rectangular, a quantity of 
heat transmitted in the longitudinal direction is 25 
decreased. Accordingly, the radiating efficiency of the 
heat sink is lowered at the end portion. However, 
according to the fifth aspect of the invention, a heat con- 
veyance member is arranged from the center of high 
temperature to the end in the longitudinal direction. 30 
Therefore, heat can be conveyed to the end portion of 
the heat sink. 

A sixth aspect of the invention provides an informa- 
tion processor comprising: a heat sink component hav- 
ing a bottom surface coming into contact with a heating 35 
element; a cooling fan having at least blades and a 
motor; and a cover for fixing the fan to the heat sink 
component, wherein a heat conveyance member is 
attached to the base of the heat sink component so as 
to convey heat to another cooling section. Due to the 40 
above structure, even if a quantity of heat generated by 
the heating element is increased, it is possible to incor- 
porate the heat sink having the fan into the mounting 
space used presently. Up to this time, when the heat 
sink having the fan is incorporated into a limited mount- 45 
ing space, it is impossible to increase the volume of the 
heat sink and the capacity of the cooling fan in the case 
of an increase in the quantity of heat generated by the 
heating element when the processing speed is raised. 
However, according to the sixth aspect of the invention, so 
the heat conveyance member is arranged in the heat 
sink, and the increased heat is conveyed to another 
cooling unit by the heat conveyance member. 

A seventh aspect of the invention provides an infor- 
mation processor comprising: a heat sink component 55 
having a bottom surface coming into contact with a 
heating element; a heating element; and a printed cir- 
cuit board, wherein the heat sink component and the 



cooling fan are fixed onto the printed circuit board by a 
bracket for fixing the heat sink having a cooling fan uti- 
lizing a hole for fixing the cooling fan. Due to the above 
structure, the hole for fixing the cooling fan is used. 
Therefore, while it is unnecessary to conduct an addi- 
tional machining, the heat sink and the cooling fan can 
be attached to the printed circuit board of the apparatus. 
Accordingly, the occurrence of vibration and shock can 
be prevented at a low cost. 

Reference is made, by way of example, to the 
accompanying drawings in which: 

Figs. 1 A and 1 B are views showing the first embod- 
iment of the present invention together with an 
MPU. wherein Fig. 1A is a perspective view and 
Fig. 1 B is a cross-sectional view; 
Fig. 2 is a view showing the second embodiment of 
the present invention together with an MPU; 
Figs. 3A and 3B are views showing the third 
embodiment of the present invention together with 
an MPU, wherein Fig. 3 A is a perspective view and 
Fig. 3B is a schematic cross-sectional view; 
Figs. 4A, 4B, and 4C are views showing the fourth 
embodiment of the present invention together with 
an MPU, wherein Fig. 4A is a schematic cross-sec- 
tional view, Fig. 4B is a schematic cross-sectional 
view of the conventional heat sink shown for the 
purpose of comparison, and Fig. 4C is a schematic 
illustration for explaining the mode of operation of 
the embodiment; 

Figs. 5A and 5B are views showing the fifth embod- 
iment of the present invention, wherein Fig. 5A is a 
a partially cross-sectional side view and Fig. 5B is a 
perspective view showing a radiating member; 
Figs. 6A and 6B are perspective views showing 
another example of the radiating member of the fifth 
embodiment of the present invention; 
Figs. 7A and 7B are views showing the sixth 
embodiment of the present invention, wherein Fig. 
7A is a view showing the embodiment together with 
an MPU connected with a socket, and Fig. 7B is a 
view for explaining the effect provided by the eccen- 
tricity of a cooling fan; 

Figs. 8A, 8B, and 8C are views showing the seventh 
embodiment of the present invention, wherein Fig. 
8A is a plan view, Fig. 8B is a front view, and Fig. 8C 
is a side view; 

Fig. 9 is an exploded perspective view showing the 
seventh embodiment of the present invention; 
Figs. 10A, 10B, and 10C are views showing the 
eighth embodiment of the present invention, 
wherein Fig. 1 0A is a plan view, Fig. 1 0B is a front 
view, and Fig. 10C is a side view; 
Figs. 11 A, 11B, and 11C are views showing the 
ninth embodiment of the present invention, wherein 
Fig. 1 1 A is a perspective view, Fig. 11 B is a cross- 
sectional view, and Fig. 11C is a rear view; 
Figs. 12A and 12B are views showing the tenth 
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embodiment of the present invention, wherein Fig. 
12(a) is a cross-sectional view, and Fig. 12(b) is a 
view showing a variation of the embodiment; 
Figs. 13A and 13B are views showing the eleventh 
embodiment of the present invention, wherein Fig. 
13A is a cross-sectional view, Fig. 13B is a per- 
spective view, and Fig. 13C is a view taken in the 
direction of arrow Z in Fig. 13A; 
Figs. 14A, 14B. and 14C are views showing a 
bracket for fixing the heat sink of the eleventh 
embodiment of the present invention, wherein Fig. 
14A is an upper surface view, Fig. 14B is a side 
view, and Fig. 14C is a view taken in the direction of 
arrow Z in Fig. 14B; 

Figs. 15A, 15B, and 15C are views showing an 
example of the conventional heat sink, wherein Fig. 
15A is a plan view, Fig. 15B is a cross-sectional 
view taken on line ABCD in Fig. 15A. and Fig. 15C 
is a view taken in the direction of arrow Z in Fig. 
15B; 

Fig. 16 is an exploded perspective view showing 
another example of the conventional heat sink; and 
Figs. 17A and 17B are views showing still another 
example of the conventional heat sink, wherein Fig. 
17A is a plan view, and Fig. 17B is a cross-sectional 
view taken on line B - B in Fig. 17A. 

Figs. 1 A and 1 B are views showing the first embod- 
iment of the present invention together with an MPU 
which is a heating element. Fig. 1 A is a perspective view 
showing a heat sink together with an MPU, and Fig. 1 B 
is a cross-sectional view taken on a line passing 
through the center of the heat sink shown in Fig. 1 A in 
which the heat sink is fixed to an MPU. The heat sink of 
the first embodiment of the invention comprises a box 
10 and a cooling fan 1 1 arranged in the ceiling section 
of the box 10. The box 10 is made of good heat conduct- 
ing material, and the bottom of the box 10 is formed into 
a heat transmitting section which comes into contact 
with a heating element 12. On the side walls of the box 
10, there are provided a plurality of ventilation holes 13. 
In the ceiling section of the box, there is provided a cool- 
ing fan composed of blades 11b and a motor 11a to 
rotate the blades 11b. This cooling fan is fixed onto the 
ceiling surface of the box 10 by means of screws or 
adhesion. 

In this connection, examples of a good heat con- 
ducting material composing the box 10 are: metal such 
as aluminum, and plastics such as resin, the brand 
name of which is Amoco Xydar manufactured by Wake 
Field Engineering Co.. into which carbon fibers are 
mixed. In the case of metal, a method of sheet metal 
forming or of aluminum die casting is used. In the case 
of plastics, the method of injection molding is used. 
Shapes of the ventilation holes formed on the side wall 
of the box 10 may be circular, triangular or polygonal. 
While consideration is given to air speed, heat transmis- 
sion and noise, the best position and the number of 



holes are determined. According to an experiment car- 
ried out by the inventors, the best result was obtained 
when the total area of the ventilation holes 13 was 
approximately 15% of the total area of the sides of the 
5 box 10. 

In the first embodiment of the invention composed 
as described above, when the blades 1 1b of the cooling 
fan 1 1 are rotated by the motor 11a, air is sucked from 
the upper surface of the cooling fan 1 1 . The sucked air 

10 is discharged from the ventilation holes 13 on the side 
walls as shown by the arrows in Fig. 1 B. Heat generated 
by the heating element 12 is conducted from the bottom 
of the box 10 to the side walls. Then the conducted heat 
is cooled by a flow of air sent from the fan 1 1 . Air which 

75 has absorbed the heat is discharged outside from the 
ventilation holes 13. In this way, an MPU 12 can be 
cooled by air. In this connection, the direction of airflow 
may be reversed. 

According to this first embodiment, the main body 

20 of the heat sink is formed into a box-shape. Therefore, it 
becomes possible to extend the wall surface of the heat 
sink to the ceiling surface and the side surface portion in 
which the cooling fan is arranged, that is, it becomes 
possible to ensure sufficiently large fin areas. For this 

25 reason, it is unnecessary to provide cooling fins of com- 
plicated shapes, so that the fins can be manufactured at 
a low cost. Since the motor of the cooling fan is 
arranged at the ceiling portion distant from an MPU. the 
bearing of the fan is not exposed to high temperatures. 

30 Accordingly, the deterioration of lubricant charged into 
the bearing can be prevented, and the reliability can be 
enhanced. 

Fig. 2 is a view showing the second embodiment of 
the present invention together with an MPU. The struc- 

35 ture of the second embodiment is substantially the 
same as that of the first embodiment. The different 
points are described below. The bottom portion of the 
box 10 is formed larger than the outer shape of an MPU 
12 to be cooled; the heat transmitting section 15 is 

40 made smaller than the bottom surface of the box 10; 
and a plurality of ventilation holes 14 are also formed in 
a portion of the bottom surface protruding from the MPU 
12. According to an experiment done by the inventors, it 
was possible to provide a good result when the total 

45 area of the ventilation holes 14 formed on the bottom 
surface of the box 10 was approximately 20% of the 
area of the bottom surface of the box. As a result, it is 
preferable that the total area of the holes formed on the 
sides and the bottom surface of the box 10 is approxi- 

so mately 1 5 to 20% of the total area of the sides and the 
bottom surface of the box 10. 

Since the second embodiment of the invention is 
composed as described above, the radiating area of the 
box of the second embodiment is larger than that of the 

55 first embodiment. Accordingly, the radiating perform- 
ance of the second embodiment can be enhanced. 
Concerning other points, the second embodiment can 
provide the same effect as that of the first embodiment. 
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Figs. 3A and 3B are views showing the third 
embodiment of the present invention together with an 
MPU. Fig. 3A is a perspective view, and Fig. 3B is a 
schematic cross-sectional view. The structure of the 
third embodiment is substantially the same as that of 5 
the second embodiment. One different point is that the 
heat transmitting section 15 of the box 10 protrudes 
from the bottom surface of the box. This protruding por- 
tion can be formed as follows. A plate made of a good 
heat conducting material is machined to a predeter- 10 
mined size and fixed onto the bottom surface of the box 
10 by means of adhesion, soldering or calking. Alterna- 
tively, in the manufacturing process in which the box 10 
is formed by means of sheet metal forming, aluminum 
die casting or injection molding, this protruding portion 15 
is formed from the same material as that of the box. 

In the third embodiment composed as described 
above, the heat transmitting section 15 is contacted with 
an MPU 12 as shown in Fig. 3B. When the heat sink is 
operated, air is sucked into the box from the upper sur- 20 
face of the cooling fan 1 1 . The sucked air is discharged 
from the ventilation holes 13 formed on the sides of the 
box 10 and the ventilation holes 14 formed on the bot- 
tom surface. The air discharged from the ventilation 
holes 1 4 formed on the bottom surface passes through 25 
between the bottom surface of the box 10 and the heat- 
ing element 12 and discharges outside. Heat generated 
by the MPU is transmitted to the box 10 via the heat 
transmitting section 15 and radiates into air. 

According to the third embodiment, while the size of 30 
the heat sink is maintained to be the same as that of the 
heat sink of the first embodiment, the cooling area can 
be increased, and the cooling performance can be 
enhanced. In this connection, other points are the same 
as those of the first embodiment. 35 

Figs. 4A, 4B and 4C are views showing the fourth 
embodiment of the present invention. Fig. 4A is a sche- 
matic cross-sectional view, Fig. 4B is a schematic 
cross-sectional view of the conventional heat sink 
shown for the purpose of comparison, and Fig. 4C is a 40 
schematic illustration showing the operation of this 
embodiment. The structure of the fourth embodiment is 
substantially the same as thai of the first embodiment. 
One different point is that ventilation holes are formed 
on the sides of the air gap portion S arranged in parallel 45 
with the cooling fan 11. 

In the fourth embodiment composed as described 
above, as shown in Fig. 4C, airflows out from the overall 
sides of the box. Therefore, the pressure in the box 10 
can be decreased, and the air speed can be increased, so 
Accordingly, air can be made to flow efficiently from the 
cooling fan 1 1 to the periphery. Therefore, the cooling 
efficiency of this embodiment can be more enhanced 
than the conventional heat sink shown in Fig. 4B. In this 
connection, other points are the same as those of the 55 
first embodiment. 

Figs. 5A and 5B are views showing the fifth embod- 
iment of the present invention. Fig. 5A is a cross-sec- 



tional view, and Fig. 5B is a perspective view showing a 
radiating member. The structure of the fifth embodiment 
is substantially the same as that of the first embodiment. 
One different point is that a radiating member 16 having 
ventilation holes 1 7 is arranged on the inner surface of 
the bottom of the box 10. This radiating member 16 is 
made of a good heat conducting material such as metal 
or plastic, and it is formed into a fin-shape in which a 
disk and a circular cone are combined as shown in Fig. 
5B. In the fin portion, there are provided a plurality of 
holes 17. 

Figs. 6A and 6B are perspective views showing 
another example of the radiating member of the fifth 
embodiment. Both Figs. 6A and 6B show other exam- 
ples of the radiating member. The radiating member 
may be formed into a shape shown in Fig. 6A in which 
the inclined fins are extended in all directions. Alterna- 
tively, the radiating member may be formed into a shape 
shown in Fig. 6B in which the horizontal fins are 
extended in the transverse direction. Alternatively, other 
shapes may be adopted as long as the air speed, heat 
transmission and noise are well balanced. 

In the fifth embodiment composed as described 
above, the radiating area is increased as the radiating 
member 16 is provided. Accordingly, the cooling per- 
formance of the fifth embodiment is higher than that of 
the first embodiment. In this connection, the effect of the 
fifth embodiment is the same as that of the first embod- 
iment. 

Figs. 7A and 7B are views showing the sixth 
embodiment of the present invention. Fig. 7A is a per- 
spective view showing the heat sink together with an 
MPU mounted on the socket. Fig. 7B is a view for 
explaining the effect of the eccentric fan. As shown in 
Fig. 7A, in the desk-top type personal computer, there is 
provided a socket 1 8 to which the MPU 12 can be easily 
attached and from which the MPU 12 can be easily 
detached, and when the heat sink is used, the terminals 
of the MPU 1 2 can be connected to the socket 1 8 under 
pressure so as to attain a positive connection. In order 
to realize the above attaching and detaching function, 
the socket 18 requires a redundant space in one direc- 
tion of the MPU 12. Therefore, the size of the socket 18 
is larger than that of the MPU 12. When this socket 18 
is used, the center O-, of the cooling fan 11 can be 
arranged at a position eccentric to the center 0 2 of the 
MPU 1 2 by a distance W when the box 1 0 is formed into 
a size which is substantially the same as the size of the 
socket 18. Since the center of the box 10 is eccentric to 
the center of the MPU 12, the center of the heat trans- 
mitting section 15 is also eccentric to the center. 

The mode of operation of the sixth embodiment 
composed as described above will be explained below 
referring to Fig. 7B. Curve A is a temperature distribu- 
tion curve of the MPU 12. At the middle of the tempera- 
ture distribution curve, the temperature is the highest. In 
the case of no eccentricity, the cooling fan 1 1 is located 
at point B, however, in the case of eccentricity of this 
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embodiment, the cooling fan 1 1 is located at point C. 
Therefore, in this embodiment, the strongest wind sent 
out from the blades 1 1 b of the cooling fan 1 1 is made to 
blow against the bottom portion of the box 10 which 
comes into contact with the high temperature portion of 5 
the heating element 12. Consequently, the cooling per- 
formance can be enhanced. In this connection, other 
effects provided by the sixth embodiment are the same 
as those of the first embodiment. 

Figs. 8A, 8B, and 8C and 9 are views showing the 10 
seventh embodiment of the present invention. Fig. 8A is 
a plan view, Fig. 8B is a front view, Fig. 8C is a side view, 
and Fig. 9 is an exploded perspective view. The seventh 
embodiment is composed of a heat sink main body 20, 
cover 21 and cooling fan 22. The heat sink main body 75 

20 is composed in such a manner that a large number 
of radiating fins 20b are perpendicularly arranged on 
the base 20a. The heat sink main body 20 is made of 
metal, the heat conductivity of which is high, such as 
aluminum or aluminum alloy by means of extrusion or 20 
cold forging. Alternatively, the heat sink main body 20 is 
made of resin, the heat conductivity of which is high. 

At the center of the cover 21, there is provided a 
cooling fan 22. There is provided a ceiling plate 21a 
which is inclined in a transverse direction to the cooling 25 
fan 22. This ceiling plate 21a is made of resin or a metal 
sheet and covers the heat sink main body 20. At the four 
corners of the ceiling plate 21a, there are provided resil- 
ient engaging members 21b. The ceiling plate 21a is 
detachably mounted on the base 20a by the claws 21c 30 
(shown in Fig. 8B) attached to the ends of the engaging 
members 21b. The cooling fan 22 is fixed to the cover 

21 by means of screws. In this structure, distances are 
determined as follows. Distance A from the bottom sur- 
face of the cover at the end portion of the heat sink main 35 
body to the upper surface of the heat sink main body is 
smaller than distance B from the bottom surface of the 
cover immediately below the fan to the upper surface of 
the heat sink main body 20. In this connection, when the 
length of the heat sink main body is approximately 100 40 
mm, in order to maintain a good balance, it is preferable 
that the distances satisfy the equation B : A = 5 : 3 . 

In the seventh embodiment composed as 
described above, the bottom surface of the base 20 of 
the heat sink main body 20 comes into close contact 45 
with the heating element. In general, the cooling fan has 
a characteristic such that the intensity of noise 
increases when the distance from the suction surface of 
the fan to an obstacle is small. In order to decrease the 
intensity of noise, it is necessary to provide a predeter- so 
mined space (air gap). On the other hand, the cooling 
characteristic of the cooling fan is deteriorated at a posi- 
tion distant from the cooling fan because the air speed 
is lowered at the position where the radiating fans are 
located. Due to the foregoing, in the seventh embodi- 55 
ment, the distance from the cooling fan to the heat sink 
is increased immediately below the fan, and the dis- 
tance from the cooling fan to the heat sink is decreased 



at the edge. Therefore, the deterioration of the cooling 
characteristic can be minimized without increasing the 
intensity of the noise. 

Figs. 10A, 10B, and 10C are views showing the 
eighth embodiment of the present invention. Fig. 10A is 
a plan view, Fig. 1 0B is a front view, and Fig. 10C is a 
side view. The structure of this eighth embodiment is 
substantially the same as that of the seventh embodi- 
ment described above. One different point is a method 
of connecting the heat sink main body 20 with the cover 
21. The connecting method of this embodiment is 
described as follows. One end of the cover 21 is con- 
nected with the heat sink main body 20 by a hinge pin 
23, and the other end is fixed by a spring made of a wire. 

In this embodiment composed as described above, 
it is not necessary to remove the cover 21 and the cool- 
ing fan 22 when work is conducted on the heating ele- 
ment. That is, when the heat sink of this embodiment is 
fixed to the heating element, the spring 24 to lock the 
cover 21 is disconnected so as to open and close the 
cover 21 . Due to the foregoing, a hole in which the heat 
sink main body is fixed can be exposed, and screws are 
inserted and fixed into the hole. Other effects of the 
eighth embodiment are the same as those of the sev- 
enth embodiment. 

Figs. 11 A. 11B. and 11C are views showing the 
ninth embodiment of the present invention. Fig. 1 1 A is a 
perspective view, Fig. 1 1 B is a cross-sectional view, and 
Fig. 11C is a rear view. The structure of the ninth 
embodiment is composed of a rectangular heat sink 
main body 20 of which the bottom surface comes into 
contact with the heating element, a cover 21 and a cool- 
ing fan 22. The heat sink main body 20 and the cover 21 
are made of the same material as that of the aforemen- 
tioned embodiment As shown in Figs. 11A and 11B, 
there is provided a heat conveyance member 25 com- 
posed of a heat pipe made of metal of good heat con- 
ductivity on the upper surface, bottom surface or side of 
the base 20a of the heat sink main body 20. As shown 
in Fig. 1 1C, the heat conveyance member 25 may be 
divided into two pieces. 

In the embodiment composed as described above, 
the heat conveyance member 25 is arranged in the high 
temperature section at the center toward the end por- 
tion in the longitudinal direction. Therefore, it is possible 
to prevent a decrease in the quantity of heat transmitted 
in the longitudinal direction of the heat sink main body 
20, that is, it is possible to prevent a decrease in the 
radiating efficiency at the end of the heat sink main 
body. Due to the foregoing structure, the temperature of 
the end portion is not lowered, so that the overall heat 
sink can be uniformly heated and the cooling perform- 
ance can be enhanced. 

Figs. 12A and 12B are views showing the tenth 
embodiment of the present invention. Fig. 12A is a 
cross-sectional view, and Fig. 12B is a rear view show- 
ing a variation of the tenth embodiment. The structure of 
this embodiment is composed of a rectangular heat sink 
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main body 20 of which the bottom surface comes into 
contact with the heating element, a cover 21, a cooling 
fan 22 and a heat conveyance member 24. The heat 
sink main body 20 and the cover 21 are made of the 
same material as that of the aforementioned embodi- 5 
ment. In this embodiment, the heat conveyance mem- 
ber 25 is attached to another cooling section 26. 
Alternatively, the heat conveyance member 25 is 
directly attached to the casing 30 as shown in Fig. 12B. 
In this connection, in the view, reference numeral 27 is a w 
mother board, reference numeral 28 is a heating ele- 
ment, and reference numeral 29 is a system fan. 

In this embodiment composed as described above, 
the heat conveyance member 25 is arranged in the heat 
sink, so that heat can be conveyed to another cooling 75 
section. Accordingly, this embodiment can solve the 
conventional problems in which the heat sink capacity 
can not be increased and the fan capacity can not be 
increased when the processing speed is raised and the 
quantity of generated heat is increased, because the 20 
space to accommodate the heat sink having a fan is lim- 
ited in the conventional structure. According to this 
embodiment, the problems caused when a quantity of 
generated heat is increased can be solved by providing 
a mounting space in which the present heat sink having 25 
a fan is mounted. Accordingly, this embodiment can 
contribute to an enhancement of the apparatus. 

Figs. 13A and 13B are views showing the eleventh 
embodiment of the present invention. Fig. 13A is a 
cross-sectional view, Fig. 13B is a view taken in the 30 
direction of arrow 2 in Fig. 13A. The structure of this 
embodiment is composed of a heat sink main body 20 
of which the bottom surface comes into contact with the 
heating element 27, a cooling fan 22, a heating element 
28, and a printed circuit board 31 . The heat sink is fixed 35 
onto the printed circuit board 31 by a bracket 32 for fix- 
ing the heat sink, wherein the bracket 32 uses a hole for 
fixing the cooling fan 22. 

In this connection, as shown in Figs. 14A, 14B, and 
14C, the bracket 32 for fixing is composed in such a 40 
manner that legs 32c are formed at both end portions of 
the bar 32b having two holes 32a for fixing the cooling 
fan 22. The reason why the interval of these two legs 
32c is longer than the length of the heat sink main body 
20 is to prevent wire gathering to an MPU which is a 45 
heat generating element. When this embodiment is 
applied to a case in which the center of gravity of the 
heating element is high and the heating element is sus- 
ceptible to damage by vibration and shock, it is possible 
to take a countermeasure against vibration and shock at so 
a low cost. 

In embodiments of the present invention, the main 
body of the heat sink is formed into a box-shape having 
an upper surface, and the cooling fan is embedded in 
the box. Therefore, it is possible to manufacture a heat 55 
sink, at a low cost, the cooling capacity of which is high 
and the designing of which can be easily performed. 
Since the cooling fan is fixed onto the upper surface, it is 



possible to prevent the temperature of the bearing of the 
cooling fan from becoming high, so that deterioration of 
lubricant is prevented and the reliability can be 
enhanced. When the heat conveyance member is incor- 
porated into the main body of the heat sink, the cooling 
efficiency can be enhanced, which contributes to an 
enhancement of the performance of the apparatus. 

It is to be understood that the invention is by no 
means limited to the specific embodiments illustrated 
and described herein, and that various modifications 
thereto may be made which come within the scope of 
the present invention as defined in the appended 
claims. 

Claims 

1 . A heat sink comprising a box composed of a bottom 
surface coming into contact with a heating element, 
a side on which ventilation holes are formed and an 
upper surface on which a cooling fan having at least 
blades and a motor is embedded and fixed. 

2. The heat sink according to claim 1 , wherein the bot- 
tom surface is larger than a heat transmitting sec- 
tion coming into contact with the heating element, 
and ventilation holes are formed at positions on the 
bottom surface different from the position of the 
heat transmitting section. 

3. The heat sink according to daim 2, wherein the 
ventilation holes formed on the bottom surface are 
open under the condition that the heat transmitting 
section comes into contact with the heating ele- 
ment. 

4. A heat sink comprising: a box composed of a bot- 
tom surface coming into contact with a heating ele- 
ment, a side on which ventilation holes are formed 
and an upper surface, the bottom surface having a 
heat transmitting section coming into contact with 
the heating element and also having ventilation 
holes; and a cooling fan composed of blades and a 
motor, wherein the cooling fan is embedded in the 
upper surface. 

5. The heat sink according to daim 4, wherein a radi- 
ating member is arranged between the cooling fan 
and the bottom surface of the box, and a portion of 
the radiating member is fixed onto the bottom sur- 
face. 

6. The heat sink according to claim 4 or 5, wherein the 
dimensions of the box are larger than those of the 
heating element and made to coincide with the out- 
side dimensions of a socket holding the heating ele- 
ment, and the center of the cooling fan is located 
eccentric with respect to the center of the heating 
element. 



8 



15 EP 0 860 874 A2 16 

7. A heat sink comprising: a heat sink component hav- 
ing a bottom surface coming into contact with a 
heating element; a cooling fan having at least 
blades and a motor; and a cover for fixing the fan to 
the heat sink component, wherein the cover is used 5 
for setting a distance so that a distance from the 
bottom surface of the cover at the end of the heat 
sink component to the upper surface of the heat 
sink component can be smaller than a distance 
from the bottom surface of the cover immediately w 
below the fan to the upper surface of the heat sink 
component. 

8. A heat sink comprising: a heat sink component hav- 
ing a bottom surface coming into contact with a is 
heating element; a cooling fan having at least 
blades and a motor; and a cover for fixing the fen to 
the heat sink component, wherein the cover can be 
opened and closed round a hinge arranged at one 
end of the cover and locked at the other end. 20 

9. A heat sink comprising: a rectangular heat sink 
component having a bottom surface coming into 
contact with a heating element; a cooling fan having 

at least blades and a motor; and a cover for fixing 25 
the fan to the heat sink component, wherein a heat 
conveyance member for diffusing heat is attached 
to the base of the heat sink component. 

10. An information processor comprising: a heat sink 30 
component having a bottom surface coming into 
contact with a heating element; a cooling fan having 

at least blades and a motor; and a cover for fixing 
the fan to the heat sink component, wherein a heat 
conveyance member is attached to the base of the 35 
heat sink component so as to convey heat to 
another cooling section. 

11. An information processor comprising: a heat sink 
component having a bottom surface coming into 40 
contact with a heating element; a heating element; 
and a printed circuit board, wherein the heat sink 
component and the cooling fan are fixed onto the 
printed circuit board by a bracket for fixing the heat 
sink having a cooling fan utilizing a hole for fixing 45 
the cooling fan. 
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(54) Heat sink and information processor using it 

(57) The heat sink is in the form of a box (10) having 
a bottom surface coming into contact with a heating ele- 
ment (12), that is, an element to be cooled such as an 
MPU. The box further comprises one or more side walls 
on which a plurality of ventilation holes (13) are formed; 
and an upper surface into which a cooling fan (11) com- 
posed of blades (1 1b) and a motor (11a) is embedded 
and fixed. Heat generated from the heating element is 
conducted from the bottom of the box to the side walls, 
and drawn away by air flowing through the ventilation 
holes (13) which is sucked in by the cooling fan (1 1). By 
arranging the motor away from the heating element, the 
bearing of the motor is not exposed to high tempera- 
tures, avoiding deterioration of a lubricant on the bear- 
ing. 
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